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WAYNE MOSHER

The cover features a picture of Wayne Mosher, long-time Douglas County
Extension agent, to whom the 1979 Sheep and Wool Day program is dedicated.

Nothing could be more appropriate or well-deserved. Wayne has dedicated
his own career to the development of improved management practices for land and
livestock, particularly sheep, and his efforts have been spectacularly successful.

Wayne Mosher was born in the Black Hills area of South Dakota and moved with
his family to a sheep and dairy farm in Oregon in 1937. In 1948 he received
the B.S. degree from Oregon State University majoring in Animal Science. He
took postgraduate training at Colorado State University in 1958 and spent 3 1/2
months in the heart of the sheep country in New Zealand in 1966, learning
first-hand about land and livestock practices of that country.

He has drawn heavily and effectively on his academic training and on the
collaborative efforts of his colleagues in fashioning a program for the develop-
ment of highly productive grazing land from logged-over timber areas, some in-
volving only marginally productive soils. Largely because of his efforts, more
than 100,000 acres have been changed from unproductive stumpage to highly pro-
ductive pasture, and Douglas County has become the recognized center of Oregon's
sheep industry.

Wayne has effectively combined principles of management of the soil, plants
and animals into an integrated agriculture. Among practices that he has cham-
pioned are the use of phosphate fertilizers, rangeland drills, banding techniques,
the introduction of subterranean clover, higher animal stocking rates, flushing,
and, more recently, practices to control predators and tansy ragwort.

All of this effort has not gone unnoticed. Wayne has been sought after as
a speaker on agricultural programs dealing with forage and animal management.
Among others, he has fulfilled engagements in Oregon, Washington, Colorado,
Arizona, South Dakota, and West Virginia, and beyond national boundaries in
Canada and New Zealand. It is both a pleasure and a rare privilege to add his
involvement in today's meeting to this impressive list and to dedicate the pro-
gram in his honor.

Photo on cover taken by Tom Gentle, Extension Communication,
Oregon State University
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EFFECTS OF MONENSIN AND RYEGRASS STRAW

ON
PERFORMANCE OF FEEDLOT LAMBS

Adnan Shqueir, David L. Thomas, W. H. Kennick

As a feed additive to cattle rations, monensin, in general, has been

found to result in improved feed efficiency of feedlot cattle on high grain

rations and increased average daily gains of forage-fed cattle. Less is

known about the effects of monensin on feedlot lambs. Monensin is not an

approved additive for sheep rations.

Ryegrass straw is produced in large quantities in the Willamette Valley

of western Oregon each year as a by-product of the grass seed industry. This

represents a cheap source of roughage which may be of value in lamb feedlot

rations.

The purpose of this study was to evaluate the effects of monensin and

ryegrass straw on the performance of feedlot lambs.

Experimental Procedure 

The following pelleted rations were used in the trial:

Ration 1 - 50% barley, 50% alfalfa hay

Ration 2 - 50% barley, 50% alfalfa hay, 25 grams/ton monensin

Ration 3 - 50% barley, 25% alfalfa hay, 25% ryegrass straw

Ration 4 - 50% barley, 25% alfalfa hay, 25% ryegrass straw,

25 grams/ton monensin

The use of these rations allowed the estimation of the effects on lamb

performance of replacing half the alfalfa hay with ryegrass straw, the

effects of adding 25 grams/ton monensin to the ration and whether the effects

of adding monensin were the same with the barley-alfalfa hay ration and the

barley-alfalfa hay-ryegrass straw ration.

Sixty single reared lambs sired by Hampshire rams were used in the trial.

Each ration was fed to three pens of five lambs each. Each pen consisted of

three wether and two ewe lambs. Lambs had free-choice access to the rations.

Lambs were weighed weekly and terminated from the study when they reached



an unshrunk body weight of 100 pounds. The first two wether lambs to reach

100 pounds in each pen were slaughtered at the OSU Meat Science Laboratory

and routine carcass measurements were taken.

Results 

Table 1 presents the nutritive composition of the four rations. As

would be expected, the ryegrass rations (3 and 4) were lower in crude protein,

higher in crude fiber, and lower in total digestible nutrients (TDN) than

the non-ryegrass rations (1 and 2). Although the effect is small, the addi-

tion of monensin to the ryegrass ration resulted in an increase in the

percent TDN.

TABLE 1. Nutritive Composition of the Four Rations

% Ryegrass	 Monensin	 % Dry	 % Crude % Crude

Ration	 Straw	 (grams/ton)	 Matter Protein Fiber	 % TDN

1 0 0 91 14.1 17.9 53.4

2 0 25 91 14.1 17.9 53.4

3 25 0 90 11.0 22.5 47.4

4 25 25 90 11.0 22.5 50.0

Table 2 presents the average daily gain, days on trial and pen feed

efficiency of the lambs fed each ration. Even though none of the differences

among the rations is significantly different, lambs on Ration 4 were on

trial for a longer period of time and had lowered average daily gains. Pen

feed efficiency figures indicate that.monensin fed lambs required approxi-

mately .2 of a pound less feed to produce a pound of gain than non-monensin

fed lambs and that ryegrass fed lambs required approximately .2 of a pound

more feed to produce a pound of gain than non-ryegrass fed lambs. Improved

feed efficiency of ruminants fed rations containing monensin has been

obtained in many other studies and is the main advantage to be obtained from

adding monensin to ruminant rations.

Presented in Table 3 are the carcass traits of the six lambs slaughtered

from each ration. Monensin fed lambs had significantly higher quality grades

and smaller loin eye areas than non-monensin fed lambs. Although the dif-

ferences were small, monensin fed lambs also had better leg conformation

scores, were fatter, had poorer yield grades, and had lower dressing percents

than non-monensin fed lambs. Ryegrass fed lambs had significantly lower

quality grades, lower dressing percents, and smaller loin eye areas than non-

ryegrass fed lambs. Differences for other traits were small, but ryegrass

2



fed lambs had lower leg conformation scores, less fat and better yield grades

than non-ryegrass fed lambs. The large difference between ryegrass and non-

ryegrass fed lambs for dressing percent probably was because of increased

fill of the ryegrass fed lambs. Since the ryegrass rations were poorer in

nutrient content, a larger intake of this ration may have been necessary.

TABLE 2. Mean Initial Weight, Final Weight, Days on Trial, Average Daily

Gain and the Main Effects of Monensin and Ryegrass Straw

% Rye- Monensin	 Days	 Average	 Pen Feed

grass	 (grams	 Initial Final	 on	 Daily	 Effi-

Ration	 Straw	 /ton)	 wt.(lb) wt.(lb) Trial	 Gain(lb)	 ciency

1	 0	 0 64.2 102.6 43.9 .9 4.14

2	 0	 25 63.9 102.3 42.5 .9 3.78

3	 25	 0 64.1 103.2 43.4 .9 4.19

4	 25	 25 64.3 100.7 48.1 .8 4.16

Main Effects

Monensin vs. No Monensin 1.65 -.05 -.195

Ryegrass vs. No Ryegrass 2.55 -.05 .215

TABLE 3.	 Mean Values for Carcass Traits of Lambs Fed the Four Rations and
the Main Effects of Monensin and Ryegrass Straw

% Rye-	 Monensin
grass	 (grams

Ration Straw	 /ton)
Leg

Scorea

Fat
Thick.
(in.)

Kidney
Fat

Yield
Grade

Qual-
ity

Gradea

Dress
ing

%

Loin Eye
Arga
(in )

1	 0	 0 12.8 .19 2.55 2.85 11.17 45.66 2.06

2	 0	 25 13.2 .20 2.46 2.95 11.50 45.05 1.93

3	 25	 0 12.7 .17 2.22 2.68 10.83 43.58 1.99

4	 22	 22 13.0 .18 2.64 2.85 11.17 42.75 1.76

Main Effects

Monensin vs.	 No Monensin .34 .01 .17 .14 .34
+

-.75 -.18*

Ryegrass vs. No Ryegrass -.17 -.02 -.08 -.14 -.34+ -.12+

a 13 = low prime, 12= high choice, 11= average choice, 10= low choice

P<.10
*

P<.05



Presented in Table 4 is an economic analysis of the data. Prices used

in this analysis were: alfalfa hay - $.035/lb., ryegrass straw - $.012/lb.,

barley - $.050/lb., monensin - $1.67/25 grams, grinding and pelleting -

$26/ton and a yardage fee of $.04 per head per day.

When evaluating the rations for cost/pound of liveweight gain, it is

evident that, on the average, the two ryegrass straw rations resulted in a

slightly lower cost. From these results, it would seem to follow that the

producer who sells his lambs live and unshrunk across the scale should be

advised to replace a portion of the alfalfa in his lamb rations with ryegrass

straw. However, what ration should the producer that sells his lambs to the

packer on a carcass weight basis or who sells to a livestock buyer that

ultimately sells to a packer on a carcass weight basis feed his lambs? The

answer is found in Table 4 where the rations are evaluated for the cost/pound

carcass weight gain. When these figures are evaluated, it is seen that the

two nonryegrass rations resulted in a lower cost with the nonryegrass-monensin

ration resulting in the lowest cost. The main reason for the ryegrass rations

resulting in a higher cost/pound of carcass weight gain is because of the

lowered dressing percentages (most likely from increased fill) of lambs fed

these rations which resulted in poorer carcass weight gains.

TABLE 4. Economic. Analysis

Trait

Ration

1 2 3 4

Intake/lamb	 (lb.) 157.55 143.04 164.63 154.09

Cost/lb. of ration	 ($) .0555 .0563 .0499 .0507

Feed cost/lamb ($) 8.74 8.05 8.22 7.81

Health cost/lamb ($) 1.20 1.20 1.20 1.20

Yardage cost/lamb ($) 1.75 1.70 1.74 1.92

Total cost/lamb ($) 11.69 10.95 11.16 10.93

Total	 live weight gain/lamb (lb.) 38.06 37.86 39.32 37.06

Cost/lb.	 live weight gain	 ($) .307 .289 .284 .294

Est. Carcass weight gain/lamb (lb.) 16.6 16.1 14.9 12.8

Cost/lb.	 carcass weight gain ($) .704 .680 .749 .854

Since all lamb producers should be concerned with cost/pound of carcass

weight gain whether they sell on a live or carcass weight basis, these data
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would tend to indicate that it is not in the best interest of the lamb feeder

to replace alfalfa hay with ryegrass straw in his lamb rations. The question

of whether monensin is a desirable feed additive for lambs is still unanswered

since addition of monensin was beneficial in the alfalfa-barley ration and

detrimental in the alfalfa-ryegrass-barley ration for cost/pound of both live

and carcass weight gain.

It is evident that more work needs to be done with the use of monensin

in lamb feedlot rations. If proven to be a desirable additive, steps should

be taken to obtain approval of its use in sheep rations. Perhaps the use of

ryegrass straw in maintenance rations for ewes deserves more research than

does the use of ryegrass straw in lamb rations.



MEAT PRODUCTION FROM RANGELANDS IN THE FUTURE
WILL LOOK TO THE SHEEP INDUSTRY

C. Wayne Cook

It now appears that grass-fat lambs can be produced at a substantially

lower price than grain-fed beef, hogs, or poultry.

Poultry requires about four times as much cultural energy as lambs to

produce a pound of table meat. Hogs and grain-fed beef require about six and

10 times as much as lamb, respectively. Other factors that favor grass-fat

lamb production from rangelands are: sheep are better adapted to most ranges

than cattle; they use nutrients in the forage more efficiently per unit of

meat produced than cattle, and they produce a dual crop--lamb and wool.

Sheep use most desert shrub ranges effectively because they graze most

of the plant species available. They graze rough mountain terrain rather uni-

formly when properly herded, and they relish all forage classes (grass, fortis,

and browse) on mountain summer ranges. Sheep of eastern Oregon, when they are

grazed on deserts during the winter, on good seeded or native foothill range

during the spring, and on high mountain ranges during the summer, produce 70

percent grass-fat lambs directly from the range.

• A steadily increasing movement toward lambing in confined facilities

along with using improved breed lines that tend toward higher twinning is

encouraging higher production levels to the extent that lamb crops are in-

creasing and approaching 150 percent, with 90 percent selling directly from

the range as grass-fat lambs. The overall high efficiency of a ewe-lamb

unit is a result of less fat produced per pound gain, twins or multiple births,

the short time that the lamb is dependent upon nursing, and the relatively

short and rapid growth rate of the young.

THE SHEEP INDUSTRY NEEDS PUBLIC RELATIONS EFFORT

The sheep industry needs strong leadership within each state and at

the national level to enable it to represent the industry in a unified and

vigorous manner. Sheep and wool growers must be convinced that there is a

true need for an increase in their industry to help solve a world food-

production problem and to provide a superior product to replace high-priced

fabrics made from fossil fuels. This positive thinking must be transferred

to the government and to the people in general. The meat-consuming public
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should be informed that grass-fat lambs and wool can contribute substantially

to the welfare of the people at lower prices than most meats and fabrics.

It should be common knowledge that the sheep industry is willing to

accept the challenge and improve management practices to produce products

that are needed at reasonable prices.

Research in range sheep production must be revived to show the industry

new and better systems of animal and rangeland husbandry to meet the need for

food and fiber in a changing international situation.

EFFICIENCY OF USING DIETARY ENERGY

The pig and chicken have a high conversion ratio of energy intake to

body gain produced. However, these two species largely are dependent on

grain rather than herbage or forage and, therefore, they are considered

highly competitive with man for feed except for the by-products or waste

they consume. Grain-dependent farm animals also require high expenditures

of fossil fuels because grain production and more intensive management prac-

tices use more fossil fuels.

Despite their low efficiency in converting dietary energy into meat,

forage-consuming animals hold a distinct advantage over grain-dependent ani-

mals because they convert roughages or feeds high in cellulose to needed food

and fiber for man's sustenance. These cellulosic materials are plentiful

throughout the world and have no alternate use for food other then through

their transformation into meat by herbivores.

RANGELANDS AND MEAT PRODUCTION

There are 1.2 billion acres of rangeland in the U.S., with 835 million

acres grazed by meat-producing animals (U.S. Forest Service, 1974). Approx-

imately 213 million animal unit months of grazing are obtained from these

rangelands. It has been estimated that these rangelands have a potential,

if properly developed and managed, of providing 426 million animal unit

months' grazing. This represents a tremendous base from which to initiate new

range and forage crop feeding systems for a grainless livestock enterprise.

It is recognized that crop residues, pasture, and haylands are important

complements to the rangelands in providing appropriate forage when rangelands

are unable to furnish the needed nutrient standards for the various physiolog-

ical function of grazing animals.



EFFICIENCY OF MEAT PRODUCTION

As the human population continues to increase, man will become more

and more dependent upon the less productive land areas of the world. The

goat and sheep will be called upon to provide man with the many desirable

and needed animal products that they are capable of producing on seemingly

unproductive lands that have no alternate use for food or fiber production.

Considerably more attention must be given to an understanding of sociological

and agricultural problems so our lands can sustain an ever-increasing popu-

lation. Dietary customs and conventional bias against foods must change if

our land resources are to be used efficiently to meet the nutritional needs

of mankind.

The data in Table 1 compare each animal on the basis of a characteristic

diet for each animal species. It is shown that pigs and poultry are by far the

most efficient because they have multiple progeny per female and consume pri-

marily concentrates. The rabbit is by far the most efficient of the herbage-

consuming species with sheep about 30 percent more efficient than cattle or

goats. This is primarily a result of the higher number of offspring per female.

EFFICIENCY IN FEED CONVERSION AND EXPENDITURE OF FOSSIL FUEL

The energetic efficiency is a good index to the effectiveness that animals

can produce food for human consumption. However, it should include the total

dietary energy for rearing, maintaining, and replacing the breeding stock in

addition to the offspring for feed. Efficiency, therefore, can be increased

not only by genetic capability of the animal but also by increased offspring

per female (fecundency) and by marketing the product at the end of the period

when efficiency of immaturity reaches its peak and starts to descent. Recently

there has been added a new dimension in measuring feed production efficiency--

the expenditure of fossil fuel. Generally, cultural energy is the term used

to include all forms of energy required (in addition to solar energy) to place

food on the table. Cultural energy includes energy expended in labor, trans-

portation, and electricity, to produce and process foods, and to build

structures, produce machinery and chemicals to furnish food for consumers.

As shown in Table 2, the efficiency of protein conversion calculated

on the basis of digestible protein converted to animal protein is greatest

for goat, lamb, rabbit, and chiCken ' and least for beef from grain-fed steers.
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The efficiency of energy conversion among farm animals generally is

evaluated on the basis of ingested energy required to produce a pound of

gain or a megacalorie of energy in the animal product. As shown in Table

2, the production of energy in pork and broilers is the most efficient with

respect to each unit of digestible energy consumed. It requires from five

to about six kilocalories of digestible energy to produce one kilocalorie

of human food from poultry and pork. In like comparison, it required from

13 kilocalories of digestible energy for corn-fed beef to 18 kilocalories

for a range-produced weaner calf to produce a kilocalorie of dressed meat.

Rabbits, lambs, and goats were intermediate with respect to conversion of

digestible energy in edible produce.

As shown in Table 2, beef produced from range and feedlots with

harvested forage and grain shows it requires 5.2 kilocalories of cultural

energy to produce one kilocalorie of human food compared to only 2.2

kilocalories of cultural energy to produce one kilocalorie of food for

lamb produced on grazeable range.

SUMMARY AND CONCLUSIONS

It may appear unrealistic to predict grainless meat production when

cereals are a surplus. However, a shortage of grains for livestock feeds

is predicted because of increased needs of an ever-increasing human popu-

lation and the scarcity of fossil fuels to produce the feeds.

A grainless livestock industry is expected to become a reality as a

result of export demand for grains at a price that would channel them away

from a cheap feed source. In like manner, the high energy cost for cereal

production is expected to price grain out of ration feeding for meat pro-

duction.

Animals capable of being finished on rangelands are not competitive

with man for feed and are capable of converting the large sources of cellulosic

material into meat. These consist of range forages, crop pasturage, and farm

residues.

The efficiency of energy utilization by rangeland animals is based on

the maintenance and production of animals that can be marketed on a sustained

yield basis rather than the conventional weight gain of an individual animal

per unit of energy consumed. Sheep are more efficient than cattle but both

1 0



Table 2. Percent digestible protein converted to animal protein and the ratio
of digestible energy and cultural energy converted to gross energy
in the animal carcass or product on an entire breeding stock basisl/

Animal

% dietary protein
converted to

animal protein foods

Kcal of dig. energy
per Kcal of GE

in product

Kcal of cultural
energy per Kcal
of GE in product

Broiler (all grain) 17.0 4.9 3.8

Pig (all grain) 12.0 5.6 4.9

Rabbit (forage) 17.5 14.9 1.6

Lamb (forage) 18.0 17.1 2.2

Goat (kid)	 (range) 19.4 18.1 3.0

Beef cattle (450#)
(calf-range) 9.2 18.4 4.6

Steers (810#)	 (range
& forage sorghum) 8.1 16.1 3.5

Steers (1000#)	 (range
& feedlot) 6.5 12.7 5.2

1/ All figures have been adjusted to reflect the protein or energy costs for rearing and
maintaining parent-stock as well as the costs of the saleable produce.



can be used effectively in harvesting the forage resource more uniformly

as a result of varying topography, available water, and preference for

different plant species and portions of plants. Fossil fuel expended for

range meat and fiber production is considerably less than that required

for other feeding systems. Complementing rangelands with dryland forages

and drop aftermath offers great promise in reducing the need for fossil

fuel in producing meat protein for human consumption.
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CHRISTY CREEK SHEEP STUDY
IN WILLAMETTE NATIONAL FOREST

Ed Harshman

Cattle and sheep have grazed on clearcuts for years, but it has not been

until the last five years that producing red meat from forest lambs has been

emphasized. This has resulted in many west-side Douglas fir forests examining

and bringing sheep and/or cattle into clearcuts.

In 1970, the Mt. Adams District, Gifford Pinchot, Region 6 was the first

to utilize clearcuts as an alternative to grazing sheep on the high mountain

meadows in the wildernesses. One of the first papers on sheep grazing in forest

burns and clearcuts was written about the Wind River District of the Gifford

Pinchot in 1932. Other forests in the region began grazing sheep - the Umpqua

National Forest in 1974 and the Mt Hood and Mt. Baker-Snoqualmie in 1978. Each

has had both success and problems. This report is about the Willamette National

Forest and the Christy Creek Sheep Study initiated in 1976. The study was a

result of a 1975 proposal to graze sheep on the Oakridge District, about 50 miles

southeast of Eugene, Oregon.

If you know anything about Eugene, you know that controversies start with

the drop of a hat. Hunters, steelheaders and the Oregon State Department of

Fish and Wildlife all had concerns about sheep bringing parasites into the area

and infecting deer and elk, or the sheep eating all the forage, or chasing deer

away, or polluting the water. Foresters and the timber industry were concerned

about sheep eating the trees that were planted with the green end up. The Audo-

bon Society was concerned with trampling of eggs of ground nesting birds like the

night hawk. The R.O. and I had a concern as how to properly analyze, plan, and

manage sheep on the "transitory" range, obtain adequate funding, and employ

people with range skills to do the job right.

We were not funded specifically in 1975 to develop an EAR on allotment

analysis. Fortunately, I had developed a method of classifying clearcut produc-

tion in terms of deer and elk. Also, from a Total Resource Information system

which stores data on specific land areas we were able to find a group of clearcuts

of the right ages suitable for grazing and propose a plan with the following

features: More than 90 units were found and divided into two groups; each would

support a band of 1,500 dry ewes for 90 days from July to October. These units

were above the winter range, and below the high mountain meadows where damage

13



from grazing by sheep occurred from 1870 to 1940.

After the EAR was completed and the concerns of the-public were brought

forth, the Forest Service, Willamette National Forest, the Oregon Department

of Fish and Wildlife, and the Oregon State University Department of Fisheries

and Wildlife signed an agreement to conduct a study to be completed in five

years that would cover three factors:

1) Parasite interchange between deer and sheep, with OSU conducting

the parasite study.

2) Forage competition between deer and sheep, the responsibility of

the Willamette National Forest.

3) Social avoidance by deer and sheep, a cooperative venture of the

Department of Fish and Wildlife and the Willamette Forest.

Baseline data were collected during the summer of 1976. This data

consisted of weekly spotlight counts, examination of forage species for util-

ization by deer, and quarterly collection of five deer for the parasite

examination.

The parasite interchange study is being conducted by Dr. Ted Kistner of

the OSU Department of Fisheries and Wildlife. The concern is based on previous

studies that indicated sheep and deer have 20 common parasites, and an overload

of parasites can be detrimental to both animals. The major concern is the liver

fluke - no medicine - two species. The one found in sheep is deadly to black-

tailed fawns; the one in elk and deer is deadly to sheep. So far, neither has

shown up. The parasite load is much smaller on Christy Creek than on an area

of high deer density and corresponding high parasite load on the Siuslaw

National Forest.

The sheep were treated to kill all parasites before they were moved to

the forest. The effectiveness of the medicine is reflected in a zero parasite

load found in the sheep at the start of the 1977 season. The sheep tested at

the end of the season had picked up some sheep parasites carried by the deer

herd for 40 years. However, in 1978, the medicine used on the sheep was not

as effective and the sheep brought in some parasites. This will be corrected

for the 1979 season.

The parasite loads in deer showed that:
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1) The highest loads occur in April when the deer are in their poorest

condition and are concentrated on the winter range. Also, the black-

tailed deer take longer to recover body fat condition than mule deer.

2) Parasite load was higher in 1978 than 1977. This appears to be a

result from a higher moisture regime and larger deer herd.

In summary, several interesting findings and observations have been made

during the first three years of study. Although there are slight variations of

burdens in deer from one collection to another as parasite burdens fluctuate

widely in the four seasons within any single host population, it is too early

to draw conclusions.

Social avoidance of deer was measured by using spotlight trend counts.

This was both for a short and long term. The counts were done on a weekly basis

except for occasional problems such as fog or fires. About all that can be indi-

cated is that the deer moved through the forest area in June for higher elevations

and moved back through in November. On the short term, deer did return to the

units which had been grazed by the sheep the same night or soon after. In 1978,

the spotlight count was made on Unit B. In 1979 and 1980, we will spotlight on

Unit A on a weekly basis.

Because of concerns expressed by foresters in the Forest Service and indus-

try, and the fact you can force animals to eat trees, a pilot monitoring study

was initiated in the summer of 1977 to look at the short and long term effects

of sheep grazing, either favorable from reduction of competing vegetation or

unfavorable from terminal bud browsing or soil compaction, or, more likely,

having no significant impact on tree growth.

The study is designed to compare trees that are: 1) completely protected

from the sheep by a fence; 2) a tree inside a small cage which allows the sheep

to trample the roots of the tree but not to browse the tree; and 3) trees which

are not protected from browsing, trampling, rubbing, etc.

A total of 150 trees, selected as crop trees by the Oakridge District

silviculturist within an area of about one acre, were measured, staked, and

tagged. From other work I do on trees and ceanothus growth, I have found that

an average of 30.trees on a good site will grow at a certain rate; however, to

reduce variation in the growth differences within a group of trees, the trees

in this study were paired on the basis of being within 10 percent of the same

starting height.
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Because of problems of obtaining fencing and lack of manpower, there

were 23 trees inside the fence. The fence was put up one day before the sheep

entered the unit in the middle of September. At the same time, cages were

installed on 20 trees. Two weeks after the sheep left the unit, photographs

were taken, and the fences and cages were removed. Data from the first two

years indicate that the trees were not browsed. One problem with this pilot

study was that the deferred-rest-rotation grazing system does not allow

grazing each year at the same time. So far, we have done it two years in

successive falls, and for the next two years will graze it in the spring.

The study needs to be reviewed and redesigned in 1980.

Because of samples taken for recreation swimming, the stream indicated

that there was an increase in bacteria following sheep grazing on the head-

waters. So in 1978, forest hydrologist Jere Christner designed a sampling

procedure to take samples before, during, and after the sheep were on the

units. The data revealed higher E Coli counts from streams without sheep

than streams below sheep grazing.

The forage study is to determine what sheep eat and does it conflict

with deer and elk. It is recognized that sheep, deer, cattle, and elk do

eat many of the same plants, and overgrazing by domestic livestock will

have an adverse impact on all wildlife including deer and elk. Baseline

data in 1976 indicated that deer ate less than 10 percent on forbs such

as fireweed and other shrubs such as snowbrush and vine maple. However,

some of the smaller forbs, such as white flowered hawkweed, have been eaten

up to 30 to 40 percent.

In 1977, the sheep's preference for forage changed throughout the summer.

At the start of the summer, they preferred small forbs and grasses with succulent

growth. They also foraged on willow, evergreen huckleberry, elderberry and

snowbrush, and, interestingly, beargrass. By the end of July, their preference

was more towards shrubs; incidentally, thimbleberry became an ice cream plant

and most forbs and beargrass dropped to the end of the list. By September, the

sheep concentrated on leaves and tips of shrubs such as vine maple.

We had expected sheep to use fireweed as observed on other forests and

as reported by Ingraham's, and, thus, in 1976, we developed a method for mea-

suring utilization of fireweed. This was published in the September 1978 issue

of the Journal of Range Management. The sheep did not eat much fireweed in 1977;

however, in 1978 the sheep did eat more probably because of the higher rainfall
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and because they had become accustomed to the taste of fireweed. Other

than this change, the sheep preference list was the same as in 1977. We

need to do more work on the amount of various plant species deer and elk

use to determine the competition for forage.

I have described sheep management on the allotment as a deferred-rest

rotation. This means the sheep enter Unit A on odd years and Unit B on even

years. The direction of travel is reversed each time they enter a unit.

This gives the plants a chance to complete their life cycle three of four

years, as they are only grazed at the same growth stage once every four

years. Thus, wildlife gets first choice three of four years and no compe-

tition two of four years.

On a daily basis, approximately 20 to 30 acres of clearcuts 2 to 15

years old, can supply adequate forage for 1,500 sheep (dry ewes or 600

ewes with lambs). The sheep do not return to the same clearcut unit for

later grazing because they proceed on a planned route. For a 90-day

grazing season, the route has 45 to 55 clearcut units. In addition, the

sheep can be grazed in open timber stands where feed is available and

there is no slash on the ground.

In 1977, a band of 1,500 dry ewes with bucks were trucked from the

Sacremento Valley south of Redding, an open grassland with a few oaks.

The transition to a clearcut surrounded by a dense forest took considerable

time for the sheep to adjust.

During the first month, the sheep stayed close together and in the

middle of the clearcut unit. As summer progressed, they became more

relaxed and wandered into heavier brush in the unit and out in the timber

more and more. Incidentally, it has been found that immediately after

unloading is when sheep are hungry enough to eat anything including trees.

As summer progressed, the sheepherder, an OSIJ range student, was able

to trail the sheep through heavy timber between units. However, they

never did become comfortable bedding down in the timber. But the herder

was able to hold them in the timber when it was necessary.

If left alone, they would bed on the highest landing or the highest

point with relatively flat terrain, very similar to what deer and elk do.

The herder soon learned that if he had to move the sheep through a

unit with lots of down logs and slash, he was far better off to let them
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pick their way than to push them through with dogs. When they were pushed

too rapidly, the sheep fell off logs and were injured.

During the hotter summer days, the sheep bedded down all day and fed

at night, especially if there was moonlight. In contrast, on the cool

rainy days, they fed and moved about all day, sometimes not bedding down

until after dark.

In contrast to 1977 where everything went right in sheep management,

the 1978 season was close to disaster. Problems were: 1) The first sheep-

herder shot himself in the foot (not the one from 1977). The next permanent

one did not know how to handle sheep and he lasted about three weeks before

being fired. In that time, he managed to lose 60 sheep, stay on a unit for

six days instead of the two planned, and ran the sheep through a meadow

reserved for watershed and wildlife. 2) Because of some logging problems,

we had to eliminate several units and this caused us to utilize several

units in Unit A for the second consecutive year. 3) The August weather

was rainy and the sheep were on the move at all times. Even with a con-

scientious herder, there was still a loss of sheep above that from natural

causes.

No losses were recorded either year from predators. This could be

because: 1) dry ewes are less susceptible to predation from coyotes and

2) cougars and bears have not had sheep to prey on for 40 years. If the

predators become a serious problem, grazing of sheep will need to be

re-examined in the cost of a predator control program.

To sum it all up, grazing on clearcut units on the west slopes of the

Cascades can be done with sheep, even though we do not know precisely all

the competition or parasite problems, if we have safeguards such as: 1) a

good management plan with a type of rest rotation; 2) coordinated forest

harvest; 3) a trained range conservationist to put the package together

and to administer the program; 4) a good sheepherder and permittee, and

5) the flexibility to stop the program when things go wrong.
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FERTILIZATION OF WESTERN OREGON PASTURES

T. L. Jackson

There are three major sources of forage grazed by sheep in western

Oregon. First and largest acreage is the subclover pastures that probably

achieve their highest level of production in the Roseburg area. Most of

these pastures are on hill soils classified as non-crop land pasture.

Second, grass seed fields provide an extensive source of forage that is used

for winter grazing; however, the primary crop being produced on these fields

is a seed crop. The winter grazing, primarily for sheep, is a secondary

crop for several thousand sheep grazed on Willamette Valley grass seed fields.

Proper management and fertilization provide a good source of winter feed on

these fields; the grazing probably results in a benefit to the seed crop. A

third source of pasture for sheep in western Oregon is the woodlots or unim-

proved land around farmsteads and along waterways that most people might

classify as wasteland.

I will discuss the fertilization and utilization of these pastures in

the reverse order. The management of subclover pastures is the most compli-

cated; this will let me go from the easier to the more complicated problems.

The woodlots and/or unimproved land provide limited pasture for both

cattle and sheep throughout the state, but in most cases, primarily this is

salvaging grasses and shrubs that have not been improved and generally are

not fertilized. Reasonably' good quality feed is provided for a short period

of time during the spring months, our season with the most abundant amount

of forage production.

FERTILIZATION OF GRASS SEED FIELDS

The major objective in the fertilization and management of grass seed

fields is to produce a seed crop. However, there is a considerable amount

of forage produced during the fall and winter that can be grazed by livestock

without reducing production of seed if the additional nitrogen requirement in

the forage removed is recognized. There are also a number of crimson red,

and white clover seed fields grazed during the fall and early spring in the

Willamette Valley. Again, the major objective for this crop is to produce

seed; forage for grazing is secondary.
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Many grass seed fields are limed; the majority probably have received

applications of phosphorus fertilizer and some have received potassium ferti-

lizer as a part of the grass seed production operation. The total phosphorus
and potassium requirement might be increased slightly by the grazing opera-

tion, but the difference in phosphorus and potassium required for winter

grazing of a seed field would be relatively small. There is, however, a

very marked difference in the nitrogen requirement for grass seed fields

that are grazed. Higher rates of nitrogen generally are applied in the fall

to stimulate additional forage that can be grazed by sheep during the winter.

Much of this nitrogen is taken up by the grass plant and then removed by the

grazing sheep. Probably 75 percent of the nitrogen removed by the sheep is

returned in the dung and urine, but most of this is deposited on the bed

grounds or the higher areas where the sheep camp at night. This means it is

necessary that a full application of nitrogen fertilizer be applied after

the grazing is terminated, generally mid to late March. Grazing during the

winter provides high quality feed for feeder lambs and some flocks of breed-

ing ewes carried in this area. Late winter and early spring grazing undoubt-

edly reduces the total straw growth that will have to be swathed and run

through the combines during the harvesting operation.

FERTILIZATION AND MANAGEMENT OF SUBCLOVER

A major part of my discussion will be devoted to the fertilization and

management of subterranean clover pastures. These pastures provide the major

source of forage for breeding herds throughout western Oregon. The fertil-

ization and management programs for these pastures are designed specifically

for the production of forage that will be utilized by grazing animals.

Fertilization of these subclover pastures has been one of the most

interesting problems I have worked on during my Oregon State University

career. My first introduction to subterranean clover pastures was in

Douglas County in the spring of 1953 and in demonstration plots established

in cooperation with Wayne Mosher starting in the fall of 1954. Slides

illustrate the marked response to phosphorus and sulfur evident on demonstra-

tions and experiments established throughout many areas of western Oregon at

that time. These two fertilizers increase the production of almost all sub-

clover pastures in western Oregon and continue to be a major portion of our

fertilizer programs. However, the objectives of our field experiments where

phosphorus and sulfur is being applied have changed.
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In earlier experiments, our major concern was to convince growers that

it was profitable to apply phosphorus and sulfur fertilizer to increase

subclover yields and to increase the carrying capacity of these pastures.

Almost all hill soils were low in phosphorus and phosphorus soil tests con-

firmed this for growers.

Many growers have used phosphorus fertilizers for 15 to 20 years and

have built up the level of phosphorus in their soils so residual carryover

can supply legume needs for some time. This has shifted the emphasis in

field experiments to establishing soil test values and plant analysis values

that can be used to identify fields with adequate levels of phosphorus

fertilization.

Also, emphasis has been placed on evaluating effects of phosphorus and

sulfur fertilization on nitrogen fixed by subclover and the possible effects

that this can have on the quality of the forage, both grass and clover, being

produced. A good supply of both nutrients is essential for optimum nitrogen

fixation by legumes.

As the production of subclover on many hill soils has been increased,

and particularly as these pastures have been managed intensively for a period

of time, potassium has emerged as a nutrient needed in many fields. This is

especially true where farmers have cut hay to be used during the late fall

and winter to carry ewes through periods of short feed production. Both

the increased removal of potassium by the hay crop and the higher level of

production have reduced the'supply of readily available potassium present in

many of these soils. We have been able to do a reasonable job of identifying

those fields that will respond to application of potassium with soil analyses.

Recent experiments where we have analyzed plant samples for potassium have

made it possible to use plant analyses as a second basis for identifying

fields that need potassium fertilizer.

While our major emphasis on the fertilizer required on grass seed fields

was on nitrogen, we have used very little nitrogen on subclover pastures. If

we can identify an optimum fertilizer program for the legume and if we can be

sure that we have an effective strain of rhizobium living in the nodules of

the legume plants that are fixing nitrogen, then we can depend on these bugs

for a free source of nitrogen. There have been many experiments throughout

the Pacific Northwest where response from application of nitrogen on both
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irrigated and non-irrigated grass clover pastures has been evaluated, but

there are very few cases where anyone has been able to develop data that

will show a profit from application of nitrogen fertilizer where a vigorous

growing legume is present. There are some situations where early spring

growth of grass is enhanced by light applications of nitrogen fertilizer,

but in most cases, where there is a vigorous stand of subterranean clover

or some other legume, the pasture will approach maximum growth rate within

a week or ten days after temperatures increase growth rates enough to observe

nitrogen responses on grass.

Achieving the maximum rate of nitrogen fixation requires that all of

the factors affecting legume production be coordinated.

Soil acidity can be a problem throughout many areas of western Oregon.

A recent survey conducted by Dr. Charles Hagedorn in the OSU Microbiology

Department showed that soil pH or the degree of soil acidity was the single

factor most closely associated with the occurrence of efficient nitrogen-

fixing strains of rhizobium on subclover fields in Douglas, Coos, Jackson,

and Josephine counties. He sampled a number of fields in these four counties

and collected strains of rhizobium from the subclover plants during the

spring of the year. The soil analyses were completed on samples from all

locations where rhizobium were collected.

We have known for some time that soil acidity can limit the efficiency

with which legumes fix nitrogen; however, this can be modified by the level

of phosphorus fertilization as well as the level of molybdenum in the soil.

Also, there are marked differences in the ability of different strains of

rhizobium to survive on soils with different degrees of acidity. Dr. Hagedorn

has identified two or three of the most efficient nitrogen-fixing rhizobium

strains found in western Oregon subclover fields. He also has received a

collection of efficient rhizobium strains from Australia. These "superbugs."

if you want to use that term, are being' used in field experiments being

established in different areas of Oregon. These experiments include differ-

ent rates of lime, phosphorus, and molybdenum so we can obtain a better

measure of the ability of these new strains of rhizobium to survive under a

range of soil acidity conditions.
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Most subclover fertilizer experiments have emphasized total production,

the response from application of fertilizer measured by forage produced during

April and May. A high quality feed is essential during this period when lambs

are being fattened for market. However, considerably more information is

needed on specific effects of fertilizer treatments on winter and summer

production.

Fall and Winter Production 

Management experiments have evaluated seasonal production of different

species. We know that subclover, itself, does not produce much fall growth

but if there is a good carryover of nitrogen from rhizobium fixation, the

perennial grasses in subclover pastures will start with the fall rains.

There are marked differences in winter growth of different varieties and

species of grasses.

It has been evident that higher levels of phosphorus might be required

for this winter growth when temperatures are cooler. However, good data are

not available to evaluate cost and returns from extra fertilization for this

winter growth. Marked differences are evident in the amount of winter pasture

provided with different fertilization and management systems. We can narrow

the range of treatments that need to be evaluated with clipping plots, but

realistic evaluation of this question will have to be made with grazing

animals.

Late June and Early July Forage 

Forage can be provided•in late June and early July by: (1) irrigation,

(2) production of perennial legumes (alfalfa and lotus) on deeper soils, and

(3) by managing specific subclover grass fields to save feed for this period.

There is very limited potential for developing irrigation on most of

our hill soil forage production operations. However, where this potential is

available, it should be used. The legume will shift from subclover to white

clover or alfalfa and other management practices will change.

Production of alfalfa and lotus on hill soils is a possibility that

deserves more consideration. Alfalfa is restricted to deeper soils with

better drainage and is less tolerant of soil acidity. Alfalfa will not

survive the winter grass competition along the coastal areas.
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Management practices, especially when used for a combination of grazing

and hay, are more critical with both these legumes. Grazing and invasion of

grass can limit the life of both these perennial legumes.

Specific management practices required to provide good quality feed

from subclover pastures in late June need additional study. On shallower

hill soils and where annual grasses dominate, the forage is dried up by

June 1 most years. However, quality generally is adequate to carry dry ewes

through the summer where feed is left and where good subclover is present,

but this feed will not fatten late lambs.

Deeper soils and north-facing slopes have better moisture relationships

and can be managed to produce perennial grasses with subclover. Several

possibilities need to be considered for preserving this forage and maintain-

ing the quality into the summer. Heavy grazing or making hay in early to

mid-May can leave regrowth with better quality. Mowing about June 1 and

leaving bales or windrows in the field for later grazing has possibilities

in drier areas.

I don't believe we have evaluated a number of practices we can use to

improve the quality of feed present in the early summer (June through early

July).

LIVESTOCK NUTRITION PROBLEMS

There are some problems that must be recognized as intensive legume

production is developed. Molybdenum is required for optimum production and

nitrogen fixation in many areas of western Oregon. Also, the application of

0.5-1 pound of sodium molybdate/acre can replace the application of 1 or 2

tons of lime/acre in some situations. However, the application of molybdenum

on soils that have marginal levels of copper can result in a reduction in

the efficiency with which both cattle and sheep utilize the copper in forage.

This is particularly critical with the production of legumes since they take

up higher levels of molybdenum than do grasses. Fortunately, the Douglas

County area where soils have low molybdenum levels, high levels of copper

are present in most soils. However, the potential of this problem must be

recognized and chemical analyses of forage samples should be used to

establish levels of copper and molybdenum in the forage.
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We know that western Oregon is one of the most selenium-deficient areas

in the Pacific Northwest. Selenium deficiency is much more critical where

forage production has been increased dramatically with fertilization. The

higher yields of forage simply dilute a very limited amount of selenium that

is being taken up by the plant and results in forage that is critically low

in selenium for livestock. Fortunately, the addition of selenium to salt

has been cleared by government regulating agencies. This should result in

widespread use of salt-selenium mixtures throughout western Oregon. We know

that sulfur fertilization and the increased yields that follow have resulted

in definite reductions in the selenium content of clover, but we do not think

we can afford to trade a highly productive subterranean clover pasture that

might be producing four tons of high quality feed per acre for annual grasses

that might be producing 0.5-0.75 tons dry weight per acre of relatively low

quality feed.

In summary, I think we have made progress in understanding the factors

affecting the yield and quality of forage legumes throughout western Oregon.

Soil testing and chemical analysis of the forage produced in field experiments

have increased dramatically our ability to identify specific factors affecting

the production of these legumes which have contributed so much to the quality

of the forage being produced as well as to the amount of nitrogen fixed by

the rhizobium living on the roots of these plants.
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PASTURE PRODUCTION, MANAGEMENT, AND UTILIZATION

I. E. Coop

THE PRINCIPLES OF PASTURE PRODUCTION

All pasture plants follow the same growth pattern. Whether growth

takes place from new seedlings, or by recovery of established plants from

drought or winter dormancy, it begins with a vegetative stage and ends with

a reproductive phase. In the vegetative phase there is an increase in the

number and size of the leaves. Maximum growth and, therefore, maximum dry

matter production are reached when all the incident sunlight is absorbed.

. As growth continues, and if the plant is not eaten, it passes into the

reproductive phase beginning with the formation of stem and ending with

the formation of seed, the cessation of further growth, and the senescence

of-the plant. Accompanying this growth pattern is the deposition of fiber

in the plant to give it strength and rigidity to stand erect. This increasing

fiber causes a decrease in digestibility and protein content of the plant.

It follows, therefore, that maximum yield of dry matter per annum and

especially of digestible nutrients, will be achieved under a grazing system

which keeps the pasture in the vegetative phase at a level where all the in-

cident light is being absorbed for photosynthesis.

Grass species generally are higher yielding than clovers but grasses

need to be supplied with nitrogen, whereas, clovers can synthesize their own

organic nitrogen. For this reason, it is most important to have actively

growing clover in the pasture and obviously there must be a balance between

the two. Fertilization with phosphate, sulphate, and minor elements such as

molybdenum is necessary to maintain vigorous clover growth.

Although the grass component of the pasture can get some of its nitrogen

direct from the clover, most of it is obtained from the dung and urine returned

to the soil by the grazing animal. This is the so-called Nitrogen Cycle. While

there is some loss to the system through the meat and wool sold off the farm, there

is a substantial net gain of nitrogen in the soil if there is clover in the pasture,

and if the pasture is eaten by the animal. The aim in pasture management is to

keep the pasture grazed down so that it remains as long as possible in the vege-

tative phase and so that a good grass-clover balance can be maintained.
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If there are not enough animals to control the pasture growth, they

will selectively graze, eating the most palatable species and thus depressing

their growth, while allowing the less palatable species to run to stalk and seed

and dominate the pasture. Having enough animals to consume the pasture therefore,

is the key to maintaining a high producing, balanced pasture with high production

of leafy digestible herbage. Also, only by having enough animals will the pas-

ture be converted to meat efficiently.

In a cool humid climate such as Oregon and New Zealand have in the late

fall and winter, the pasture should not be allowed to grow too long because

the sunlight cannot penetrate to the base of the plants. When this happens,

the leaves at the base decay about as rapidly as the leaves at the topgrow,

so the net growth is zero. If the pasture is grazed fairly closely, (below

two inches in height) the low winter sunlight is utilized fully and the winter

dormant clovers are not suppressed. Top dressing with nitrogen fertilizer

stimulates winter growth, but so does the build-up of soil nitrogen through the

clover, and pro-ided the turnover of nitrogen is maintained through keeping the

pasture vegetative and having enough stock to return the nitrogen to the soil

through the dung and urine.

Dry matter yields of pasture on western Oregon hill country are around

4,000-6,000 pounds per acre per annum, on the Willamette Valley soils 6,000

to 8,000 pounds per acre and on irrigated land 8,000 to 12,000 pounds per acre.

Since a ewe and its lamb require about 1,500 pounds dry matter per annum, these

pastures should be able to support 3,4, and 6 ewes per acre on an all-year basis.

THE ANNUAL CYCLE OF THE EWE

Figure 1 shows the seasonal feed requirement in terms of monthly requirement

as percentage of total annual requirement. Figure 2 shows typical pasture growth

curves for nonirrigated and irrigated valley pasture. These show a very consid-

erable disparity especially for the nonirrigated pasture. The supply (pasture

growth) and the demand (sheep requirement) curves can be brought closer to equation

by manipulation of the land and pasture. It also can be brought nearer to equation

from the other end - the manipulation of bodyweight and condition of the ewe. Else-

where in talks up and down the state I have discussed the extend to which we can use

body fat in the ewe to buffer seasonal changes in pasture growth. It is necessary

to know the critical periods when a ewe must be well fed, and the noncritical

periods when feed can be restricted and the ewe allowed to use up its
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body fat. In brief, one should aim to achieve maximum bodyweight at breeding

because the number of eggs shed and the number of lambs born is highly dependent

on the weight and condition of the ewe at breeding. The ewe also should be

flushed for two weeks before breeding and for the first three weeks of breeding.

After that, the ewe can be allowed to lose up to 10 to 12 percent of bodyweight

in early and mid pregnancy coinciding with early winter, but she must be well

fed but not over-fed during the last 4 to 6 weeks of pregnancy.

Returning now to the manipulation of pasture supply, it is obvious that

a great excess exists for three of the months of April, May, June, July. There

is a large winter deficiency, and since this deficiency limits the number of

sheep which can be carried throughout the year, it limits the numbers of sheep

available to eat the early summer surplus. A high lambing percentage is one

helpful answer.

The methods used to transfer the surpluses to the periods of deficiency

are as follows:

1. Make large quantities of hay (or silage).

2. Allow some surplus pasture to go to maturity, to be grazed in

July-September.

3. Put some of the farm into alfalfa for hay in June/July and for

grazing in July-September.

4. Put some of the farm into summer forage crop for July-September or,

better still, into winter forage crop.

5. Grow some grain, e.g. barley, for use in the winter.

6. Purchase alfalfa hay and grain for winter.

PASTURE MANAGEMENT TECHNIQUES

Pasture growth and utilization also can be controlled to help smooth out

the excess and deficiency periods and it is with these that this paper is mainly

concerned, and about which it is now proposed to discuss.

Set Stocking 

This is the system by which the sheep are spread out over most of the farm

and left undisturbed for long periods of several months-, or indeed sometimes all

year. The stocking rate is low, usually 1 to 2 ewes per acre since they cover all

or almost all the farm area. The advantages of the system are that the sheep are

not disturbed; they settle down to their own area and know where the water holes
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are. Also there are less labor input and low fencing requirements. The dis-

advantages are that pasture control is limited, pasture is less efficiently

utilized, there is little control over the nutrition of the ewe, and it is not

easy to carry out any sheep treatment such as dosing, vaccination, foot trimming,

etc., when the sheep are widely dispersed. In New Zealand where beef cattle are

also run on sheep farms, cattle are either set s ocked with the e . or more often

moved about the farm to control the pastures which the sheep alone have not been

able to control. Accurate assessment of the number of sheep which each pasture

will carry helps minimize the disadvantages.

Set stocking works satisfactorily in extensive farming systems where high

productivity is not expected or wanted.

Rotational Grazing 

In this system the sheep are moved in larger groups round a series of

pastures. At the time of grazing each pasture is grazed more heavily and

eaten down harder, but it is then spelled and allowed to recover and grow

without grazing until there is adequate re-growth for another grazing. There

is thus intermittent grazing instead of continuous grazing. If we had 200

ewes on 100 acres under set stocking, the rotational grazing equivalent would

be to have the 100 acres divided into, say, five 20-acre pastures and the 200

ewes in one group rotated round these, spending perhaps five days on each with

an interval of 20 days (4 X 5) before that same pasture is again grazed. The

rotation speed given as the number of days recovery can be increased or retarded

as desired. In New Zealand, typical spelling or recovery periods are 15 days

in spring, increasing to 30 to 45 in summer and to 90 days in winter.

The disadvantages of the system are the increased labor and fencing required

plus disturbance to the sheep, though they get accustomed to it especially during

the part of the year when they are not mothering lambs. The advantages are that

in the long term there is improvement in pasture quality and production per acre,

and there is control over the intake of the ewe. Temporary improvement in nutri-

tion can be achieved by speeding the rotation and lowering intake by retarding it.

Again, by retarding it as in laste summer, pastures can be taken out of the rotation

for hay, and in the fall, to build up pasture reserves for late fall and winter.

The system works to the best advantage under intensive conditions where

stocking rates are high and productivity is high. At low stocking rates where

feed is wasted, whatever the system, it is not better than set stocking.
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Mob-Stocking/Rotational Grazing 

This is a more extreme form of rotational grazing in which very high stock

densities are used. Stocking rates of 100 to 200 ewes per acre are used. It is

practiced widely in New Zealand for the two summer months between weaning and

flushing prior to breeding. The objective is twofold, first, to make efficient

use during the summer drought of the stalky mature feed left at weaning - feed

which is of relatively low quality but is adequate for dry ewes - and, second,

to bare off the pastures so they respond to rain and cooler temperatures in the

fall, and to encourage subclover germination where subclover is grown. The

ewes are herded into groups of 600 to 2,000 and forced to eat all the dry stand-

ing pasture before moving onto the next pasture. The very high grazing pressure

does not allow selective grazing and wastage of the less palatable species. In

local terminology, the pastures get the "hoof and tooth" treatment.

The ewes are spread out again for flushing and breeding, but then are.

concentrated again for another period of mob stocking/rotational grazing during

the equivalent of November, December, January. This time, the objective is

conservation of fall and winter grass growth, and controlled nutrition of the

pregnant ewe. During this period, the stocking rate, on a farm carrying five

ewes per acre all year, is 100 to 200 ewes per acre, for three days per pasture

and a 60 to 90 day rotation. Temporary electric fences are used during this

period because of the frequent stock movements.

Creep Feeding is a technique whereby in a rotational system with ewes and

lambs the lambs are allowed to creep one pasture ahead of the ewes and so have

selective grazing. Generally it has not been acepted widely because it displays

little advantage at normal stocking rates and is only marginally better than

ordinary rotational grazing at high stocking rates.

GRAZING SYSTEMS IN NEW ZEALAND

Most sheep farms in New Zealand operate a blend of the various methods

described, the amount of rotational grazing increasing as the intensity of

farming increases. In the very extensive areas comparable to Eastern Oregon,

sheep are set stocked for four months on the summer range and then set stocked

again for the remaining eight months on the winter range. In the intermediate

hill country carrying less than two sheep per acre the sheep are mostly set

stocked all year except in the 2 to 3 months after weaning when they are mob

stocked and rotated. On intensive farms, the ewes are mob stocked and rota-

tionally grazed all year except from lambing to weaning, when they are set stocked.
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On the really intensive farms and irrigated farms running 5 to 8 ewes per acre,

they are grazed rotationally all year.

Stocking Rate 

It was stressed earlier that only under high stocking rates can all

the grass that grows be consumed and utilized efficiently. Table 1 shows the

influence of stocking rate on production and is typical of many trials done in

New Zealand.

TABLE 1.

Ewes/Acre 3 4 5 6 7

Liveweight (lb.) 121 123 114 110 108
Lambing % 111 103 99 93 95
Lamb weaning wt. 55 53 51 51 47
Ewe fleece wt. 10.0 9.6 9.4 8.8 8.4
Lamb meat/acre 90 119 125 146 158
Wool/acre 51 58 68 86 82
Profit/acre $ 10 12 14 15 14

It will be observed that as the stocking rate increases, ewe performance

(liveweight, lambing percentage, fleece weight, etc.) declines but the produc-

tion per acre continues to increase. Maximum profit is reached at an intermediate

stocking rate where there is a compromise between production per sheep and

production per acre. At high stocking rates, teeth wear slightly faster, but,

conversely, the incidence of footrot is much reduced because the grass is always

short.

Replacement ewe lambs which producers wish to grow and to put on live-

weight are not subjected to these intensive methods. They are spread out more

thinly and selective grazing is allowed. They are then followed up by the ewes.

The ewe lambs, therefore, either have their own special pastures or are rotated

ahead of the ewes.

The advantages of a high stocking rate are very considerable, in fact,

increasing stocking rate is the fastest method of increasing production and

profit. This means that farmers should stock up to full capacity. To safeguard

against any possible difficulty, such as an abnormally severe winter or any
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other eventuality, one should stock up with alfalfa or pasture hay, grain

or other dry feed which can be stored. This is especially true in Oregon

where these feeds are cheap in relation to lamb prices, and in relation

to the extra lambs that will be produced.

Fencing 

A necessary prerequisite on high stocking rates and rotational grazing

is subdivision. A typical New Zealand sheep farm of 500 acres carrying 1,500

to 2,000 sheep would have about 20 pastures with an average size of 20 to 30

acres, all permanently fenced. Some of the sheep may be replacement ewe lambs,

or old ewes being given better treatment before sale, so if only 1,200 ewes

are available to put into one pasture, the densities obtained are only 50 ewes

per acre. In most instances this is adequate, but there are times when up to

200 ewes per acre are desired to eat off brown summer feed or to achieve good

utilization in the fall and early winter.

The electric fence is now being used extensively both for permanent

subdivisional fences and especially for temporary fencing. The material costs

(i.e. not including labor) per mile of various types of fencing in New Zealand

were as follows in 1978:

Old conventional 8 g wire fence 	 $2,700

Woven wire plus 1 plain and 1 barb	 $2,200

Ten wire, high tensile 12 1/2 g	 $1,450

Eight wire, 1 electric outrigger	 $1,000

Electric 6 wire 	 $600 flat - $750 hilly

Electric 3 wire grass-fence 	 $250 flat - $450 hilly

Temporary electric 3 wire 	 $300

Cattle fence, electric 3 wire 	 $300

Electric fences obviously are much cheaper than conventional fences.

Costs of permanent or semipermanent fences vary from $600 to $1,000 according

to the type of country. The permanent grass fence is very cheap but it remains

to be seen how extensively it is adopted. The three-wire temporary electric

fence is used widely. A 200-yard length can be lifted and set up again in

about one-half hour, and so is most convenient for daily or 2 to 3 day shifts.

Farms on which intensive rotational grazing is practiced at stocking rates of
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100 to 200 sheep per acre usually have 15 to 25-acre pastures in permanent

fencing, each pasture shaped and equip ped to take one or more temporary

subdivisioned electric fences. There also is a flexifence of woven plastic

carrying a metal thread, and light batons, which can be picked up and re-erected

at almost walking pace.

On many farms in Oregon, the facilities for handling sheep are not good.

Much of it is done in the barn which is dark and is also a source of infection.

To facilitate the handling of sheep, a small and inexpensive set of yards with

cutting Phute could be constructed out in the open near the center of the farm,

and a raceway fenced to allow easy movement of sheep.

Supplementary Feed 

Hay commonly is fed as a supplement to grazing sheep in the winter. Under

a rotational system it is fed out on the ground on the pasture being grazed.

When a forage crop is being grazed, it is rationed by shifting temporary electric

fence across the field at intervals of a few days. If both forage crop and hay

are fed, the sheep are left on the forage crop for 1 to 6 hours and the hay is

fed out on an old pasture. Forage crops with which grass is sown, such as rape

and grass or turnips and grass, should be cack fenced as well as forward fenced

(with electric fences) to allow the grass component to recover from the previous

grazing.

Control of nutrition of the ewe is effected through the rate at which the

forward electric fence is moved across the field, the length of time the ewes are

allowed to graze, and the amount of hay fed.

Pasture is the cheapest feed to grow. It should be utilized efficiently.

Its main drawback is that it does not grow well in drought or in winter. Pas-

ture and hay conservation and manipulation of ewe bodyweight can help greatly

to minimize this drawback. The purchase of feed such as alfalfa hay and grain

for winter can be justified if it leads to an overall increase in stocking

rate and more sheep to eat the spring-summer surplus.
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Sheep Stocking Intensity on Improved Hill Pastures

S. H. Sharrow

The Mediterranean-maritime climate of western Oregon is characterized by

cool, moist winters and hot, dry summers. This yearly pattern of temperature

and precipitation is reflected in the annual growth patterns of improved hill

pastures (Figure 1). Pasture growth during the winter and early spring typi-

cally is limited by cold soil and air temperatures. Growth during the summer

and fall is restricted severely because of lack of available soil moisture.

Thus, there is only a relatively short period during the year, generally during

April-May, when both temperature and moisture are adequate to sustain rapid for-

age growth. The majority of the year's forage production can be expected to

occur at this time.

The challenge of the livestock producer is to provide an adequate diet for

his animals over the entire year based primarily on this short period of rapid

forage production. One approach to this challenge is to seek the best possible

fit between seasonal forage availability and forage demand for livestock produc-

tion. Selecting the proper stocking intensity (kilograms of forage/sheep) is an

important factor in achieving a good fit because it affects both forage supply

and forage demand.

Stocking intensity affects the quantity and seasonality of pasture forage

production in several ways. Overstocking is widely recognized as being dam-

aging to pasture production. Constant intense defoliation may reduce the energy,

nitrogen, and phosphorus stored in the roots and crowns of perennial plants for

future growth. A lack of these materials for regrowth plus the restricted amount

of leaf surface available for photosynthesis under intense grazing often delay

spring green-up and reduce the rate of plant growth during the winter and early

spring, a period when forage is naturally in short supply. In the Corvallis area,

high stocking intensity (44 kg/ewe/month) applied for an April-December grazing

season delayed spring turn-in dates (ewes and lambs were placed on pasture in

the spring when 900 kg/hectare of forage was present) by as much as a month

(Thetford, 1976). If excessively high stocking intensities are applied for
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several years in a row, ryegrass, tall fescue and other perennial grasses may

be replaced by annual grasses and weedy forbs. In many cases, the soil moisture

previously used by the deep rooted perennial grasses during late spring will be

available later in the season to support summer growing weeds such as bull thistle

(Cirsium vulgare) and tarweed (Madia ssp.).

The negative effects of understocking, although often as great as those of

overstocking, are less well-known. Grazing plays an important role in maintain-

ing the quality and quantity of forage produced. Frequent but moderate defolia-

tion such as occurs under moderate continuous grazing, or infrequent but more

intense defoliation such as occurs under . rotational grazing may benefit forage

quality by keeping the plant vegetative and, therefore, higher in protein content

and more digestible later in the spring. This is especially beneficial to lambs

which require high quality forage for growth during the spring. Prolonging the

vegetative stage by grazing often increases the quantity of forage produced by

stimulating the production of leaves and new vegetative stems. In addition,

proper grazing management is crucial in maintaining a favorable species compo-

sition in grass-legume pastures such as perennial ryegrass-subterranean clover or

tall fescue-subterranean clover pastures.

Understocking perennial grass pastures not only wastes forage by allowing

forage production to go unused, but also interferes with the germination and

establishment of subterranean clover if this excess forage is not removed before

fall rains. Since the clover is important as a highly nutritious component of

livestock diets and as a nitrogen-fixing species which maintains soil fertility,

its reduction ultimately will reduce the forage quality and quantity available

for livestock consumption. In addition, undergrazing allows livestock to ignore

plants such as blackberry (Rubus spp.), sweet briar (Rosa eglanteria) and poison

oak (Rhus diversiloba) which they would consume if grazing intensity were higher.

These plants, thus given an opportunity to grow and reproduce, often infest under-

grazed pastures.

The proper anneal stocking intensity (kg/ewe/grazing season) is difficult to

establish. This difficulty arises because the "proper" stocking intensity repre-

sents compromises between needs of the pasture and needs of the grazing animal,

desire to maximize production of animal products per acre and per ewe, and also

varies with the willingness of the producer to make management inputs such as
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fencing, fertilizer, supplemental feeds, etc. as well as with the plant species

in the pasture. Any recommendation for stocking intensity, therefore, should be

regarded as a general guideline which may serve as a reference point in making

management decisions.

As a starting point, let us consider the National Research Council (NRC)

forage requirements for a ewe and her lamb(s) plotted in Figure 1. These seasonal

requirements sum to yearly requirements of 790 and 950 kg/ewe/year for ewes pro-

ducing single and twin lambs, respectively. For the purpose of easy comparison of

these figures to those from grazing seasons which may be less than year long,

stocking intensity will be expressed as a monthly average over the grazing season.

This gives NRC requirements of 790/12 = 66 kg/ewe/month and 950/12 = 79 kg/ewe/

month for ewes producing single and twin lambs, respectively.

These figures compare favorably to those derived from a study conducted by

Thetford (1976) on perennial ryegrass-subterranean clover pastures near Corvallis,

Oregon which compared the pasture production and quality of diets available to

ewes grazing continuously at three stocking pressures during an April-December

grazing season. Results of this study are presented in Table 1. Ewes grazing

at 700 kg/ewe/grazing season (78 kg/ewe/month) were able to select diets which net

NRC requirements for digestible energy and crude protein throughout the grazing

season. Ewes grazing at higher stocking pressures, although having adequate diets

during the spring, were not able to meet dietary requirements for either total

digestible energy or crude protein during the fall. In addition, dietary short-

fall in the summer became more pronounced as stocking intensity increased; the

summer diets of ewes stocked at 500 kg/ewe/grazing season (56 kg/ewe/month) being

adequate in total digestible energy but inadequate in crude protein. The diets

of ewes stocked at 400 kg/ewe/grazing season (44 kg/ewe/month) were inadequate in

total digestible energy and crude protein during this period.

The observed differences in ewe diets were reflected in ewe and lamb live-

weight changes under the different stocking intensities (Table 2). As might be

expected, stocking intensity had little effect on ewe or lamb liveweights during

the period of rapid pasture growth in early spring. However, as forage quantity

and quality declined in late spring, stocking intensity had a pronounced effect

on liveweights with rate of ewe liveweight loss increasing as stocking intensity

increased. These observations of both ewe diets and ewe liveweights support the

38



TABLE 1: Total digestible energy and crude protein in sheep diets observed for
sheep grazing under three stocking intensities compared to National
Research Council (NBC) requirements (Thetford, 1976)

ason/Stocking Intensity

700

500

400

1973

700

500

400

Total Digestible Energy	 Crude Protein
( vical/head/dEg)	 (kg/head/day)

Diet NBC Diet NRC

10.2 4.4 0.36 0.15

7.8 4.4 0.28 0.15

11.3 4.4 0.46 0.15

9.2 4.4 0.20 0.15
15.8 4.4 0.44 0.15
10.5 4.4 0.34 0.15

6.6 3.6 0.12 0.12

3.7 3. 0.07d 0.12
2.6d 3.6 0.06d 0.12

3.2 3.2 0.25 0.11
0.9d 3.0 0.07d 0.11
0.8d 3.0 0.07d 0.11

(kg/ewe/9 months)

ly Spring 1973

d = diet deficient in that period
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TABLE 2: Ewe and lamb liveweight changes (kg/head/day) during four seasons
under three stocking intensities (Thetford, 1976)

Season/Stocking Intensity

(kg/ewe/9 months)
	

Ewes	 Lambs

Early Spring

700	 0.221	 0.332

500	 0.241	 0.304

400	 0.219	 0.314

Late Spring

700	 0.075	 0.290

500	 -0.061	 0.291

400	 0.022	 0.322

Summer

700	 -0.007

500	 -0.004

400	 -0.025

Fall

700	 0.046

500	 -0.005

400	 -0.002

TABLE 3: Total yield (kg/hectare) harvested in three dates from pastures grazed
at three intensities.

Stocking Intensity

(kg/ewe/9 months) 

Date

May 1, 1977 April 6, 1978 	 August 1, 1978

2739a700	 5856a

500	 2163b3335b	 6446a

400	 1179a	 2571a	 5769a

Means in a column followed by the sane letter are not significantly

different (P = .05). 40



contention that a yearly average forage allowance of 78 kg/ewe/month is adequate.

A stocking intensity of 78 kg/ewe/month appears, however, to be too low to

maintain high pasture production. The yearly forage production of perennial

ryegrass-subterranean clover pastures grazed at these same three stocking rates

is tabulated in Table 3. Stocking at 78 kg/ewe/month and 44 kg/ewe/month resulted

in similar total dry matter yields. Stocking at 56 kg/ewe/month resulted in a signi-

ficant increase in forage production compared to either the lower or the higher

stocking intensities.

It appears from these observations that the proper stocking rate lies some-

where between 78 kg/ewe/month, which is favorable for the sheep, and 56 kg/ewe/

month, which is favorable for the pastures. These figures are surprisingly sim-

ilar to those calculated from the NRC requirements (Figure 1). The NRC figure of

66-79 kg/ewe/month, therefore, should provide a useful reference point for setting

stocking intensities on perennial ryegrass-subterranean clover hill pastures.
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